;ef e3enkmh\ x*6° TBFO 9 DEC 200  APPARATUS AND PROCESS FOR OXI DATI ON

REACTI ONS The present invention relates in general to apparatus 0S%PEC 2004

i ntroduci ng a nol ecul ar oxygen-containing gas into a reactor containing a
solid catal yst for a heterogeneous gasphase reaction and to processes in
whi ch a nol ecul ar oxygen-containing gas is introduced into a reactor
containing a solid catalyst for a heterogeneous gas-phase 5 reaction.
Reactors and their use in processes involving a nolecular o i Ni ng
gas with a solid catal yst for heterogeneous gas phase reac;@%ﬁ@@“ﬂﬁ%ﬂ\ﬁﬂm.
Fluid bed reactors and their use in processes involving a lar
oxygencontaining gas with a solid catalyst for a heterogeneous B&ﬁé“phase
reaction are also 10 known. For exanple, EP-A-0685449 discloses a process
for manufacturing vinyl acetate in a fluid bed reactor conﬂmﬂmﬂl‘mmﬁmmng
et hyl ene and acetic acid into the fluid bed reactor throug

inlets, feeding an oxygen-containing gas into the fluid bed reacw®or through
at | east one further inlet, co joining the oxygen-containing gas, ethylene
15 and acetic acid in the fluid bed reactor while in contact with a fluid
bed catal yst material to enable the ethylene, acetic acid and oxygen to
react to produce vinyl acetate and recovering the vinyl acetate fromthe
fluid bed reactor. According to EP-A-0685449, the oxygen may be added in
pure form or as AFPARATUSAND'PROCESS FOROSIATEINREACTIONS car bon

di oxi de. Since fhe oxygen and hydrocarbons are not m xed unfil they are
bot h 20 i nsi dEhe presens avention related ip gengral torapparatus\ipreintrofdesingre arolegnlerr eact i on

Bvant ageoBEeh Sanainre S8Ry R A8, SN AERe BaRH B RbTORY Wk bl anitrct o

through aphdseagictiomand to proedssésth @thidha ﬂd!éblhlhﬂék}tg@nicbﬁtaﬁlﬁdy%a@mﬁ and acetic
acid reactants is that it allows significantly higher |evels of oxygen to

be saf el yingeguesddatod reaetar centainig o selid setalyst fof ahetereaepreusgas-phiset ur es.

Al so, EP-A- 0t546677 di scl oses a process for oxidising ethane to acetic acid
in a flui Ff¥Y" bed reaction zone. In the exanple illustrated in

EP- A- 0546677, REAASR ahd thed iRGn PHdcBsses nQ6lvige HbleB AR &:8igbaicOhtathingedasr , CO,
C02, 02, ethylene and ethane and the conbined streamis fed to the fluid
bed r eact with asold catelybtafior bstprpganenyagas phiase reaciieasrarakgowneam are i nt roduced

separately intQ t | ui,d be eactar. The hot oxidation products exit the
Cop of the roallis bedhisupr i shaBiretprqchish rupfie TP RE PR Pt o of ¢ he
present apflthifRpigadwith® s’éuie%aﬁagsefofa%&%geh@dusfgsygﬁﬁelreac%hIa&naxwt oafluid
bed reactor which includes a conduit for conducting an oxygen feed, a

nozzl ¥ cokmwet.ed to the conduit for passage of the oxygen feed fromthe
conduit to the_outsid er.) the nozzle inclkuding an.orifice and
2 ohr oud, _and FROSHRAS RR AT HE BEbssa mrear S o e Peain AtFtehe
condui t apd fli§Bed R&ctor comprising feeding ethylene and acetic acid into the fluid bed

reactor through one or more inlets, feeding an oxygen-containing gas into the fluid bed

reactor through at least one further inlet, co-joining the oxygen-containing gas, ethylene
15 and acetic acid in the fluid be.d reactor while in contact with a fluid bed catalyst material
to enable the ethylene, acetic acid and oxygen to react to produce vinyl acetate and
recovering the vinyl acetate from the fluid bed reactor. According to EP-A-0685449, the
oxygen may be added in pure form or as an admixture with inert gas such as nitrogen or
carbon dioxide. Since the oxygen and hydrocarbons are not mixed until they are both
20 inside the reactor, catalyst is present when they meet and reaction proceeds immediately,

causing the oxygen partial pressure to drop. Thus, an advantage of feeding an oxygen-



15 shroud substantially the full length of the shroud. The appar@gqﬁﬁpgm*be
used for the production of acrylonitrile via propane anmoxi dati on. e use
.of fluid bed reactors for heterogeneous gas-phase reactions involving

nol ecul ar oxygen-cont ai ni ng gas enabl es hi gh concentrati ons of oxygen in

t he nol ecul ar oxygen-containing gas to be used. Such high concentrations of
oxygen can present 20 safety risks, for exanple if the supply pipe
fractures, .SaR@fgaak Yo Wietrehdlot theoughat temst orEHferthesdulet raddisieartathesethyeng he

safe introduction of a nolecular oxygen-gontainin S LNt

cont ai ni ngnd aceticacidsteastants is that i aliRjene sy C%g_%gkgaégtPf@ﬁﬁitéggg%@i m t ed
to fluid bed, reagct.grs uch nol e 3 isNi ng gases may al so be

i nt r oduce®MPRYE fW‘ﬁE’Ht Bi’lé‘rla‘ée %&?&ﬂ%wgiégggsast ug?ég need for apparatus for
the safe 25 i ntgRMuspiAQ054867 diselciesd processyforoxidising athane tp agetic agiddn a
reactor containing a solid catalyst for a heterogen - Rhase .r.eacti on.
Accor dsng fluidikdiebedrresation Zone.ckr the mxamﬂﬁélqsga&?ﬁé%ggag'%;ﬁ?g@z P@H““"r %HO‘SQ&
containing a solid catal yst for a h neou 5 RadeSmdith®n i nto

whi ch r eac‘Y'&‘Faf?&X&@ SHRHA FoRtauyng gﬁtseﬁt%%rfg@?ﬁ?%t é%‘?%ge oroa mol ecul ar |
oxygen- cond igdakt3atis FA tohihéuid bed dedctiretA miojeeulanexyRen-rontamirigoiream
surroundi ng a substantial portion of said pipe in sai g Eleact.gr. w th an

i nert fl uighd steam freSntBiEnced @paretelyintp tlae fuid bréreseole e PRVEHIIUOR t here i s
al so provided a pr,og‘;ss i ? whi ch a nol ecul ar oxygen-containing gas is

i nt r oducecProdugs &xit thedpp oL thsfe5t ¥ ng a solid catal yst for a het er ogeneous
gas- phase reactwoyasm fbIRRL CaffBR kRCpHicR ity Axteaxthepresant appligatiers relates
introduced into sald reactor through at |east one jnl,e‘:ﬁ%@i pe e t'%di ng into
sai d reactra sgargerifer oxyiged injiction irio afiyidheatisadiar whiclingdules 4SO WAt ant i al
portion of said pipe in sgaid reactor with, an.i : i b red
enbodi nent CHAUEtRg Hy PYEHRT ?‘?eﬁv%ﬂ? freonpgted ﬁqtee%(éﬁapuéi #03 tg ﬁgéyﬁgtgpng;’é%] for
Suppr essi ng | BIREAS bRaif dBloblsiRidInd s e hoadd cludinglanantfice adgent s,
product s, &t 4l yst or conpinations thereof. 10 The present i n%/ngnﬁi op

provi des agigehditandinsutativh ésuck @s cevamic insulation susernding e cpRqyr gngalsp the

nol ecul ar oxygen-cont.ai ni n ) i.ch has s f| i
subst ahft i ashrped WQ?H‘“HF“YS@F%‘%@B@Wqﬁ%ﬁ%o*%oarpp\%af%gﬁ T her '? Q‘?I?tl}}ied and

optional ly also. a{E%?l A1 ViaSHtOpd R Sfinekiddti@hess to the inlet pipe from
t he react oProc??’&f' a?r%, grgéent ?%p?%ducts, catal yst or conbjnations thereof.

15 By inert is mhante bhidbhdrdantors for hefetogeseausipas-phasedpacgfioppiavaig o

reaction with the nol ecul ar, ,oxygen-containin ; ghigpts in
t he react omolepylsr @WS%?:CO&‘E*‘"P‘E%égs ?‘5’5‘%@3 h‘lghtcﬁggqn%%é?&%%&%ﬁﬁ? Elge lE‘ggct or is

surrounded by, t.h Ysb@UBGiH gk BéndehiPaios off okyienicampteséitui d. The
inert flui 8xg%1e§1rcoﬁﬁ@ﬁ%g£é%u%stsanti al p%rti on of the at .|east one inlet

pi pe i pot heafdfy riskadopexanmple ifohpsipply Epe fraenres cespeciallyrwithin the 162l ect ed from
t he group consisting of nitrogen, carbon di oxid i Rontd '
krypton and i Jhgmneed f%épﬁﬁﬁﬁug%?fatlhfa s%fbﬁﬂﬁmdgcé?n %&@%élﬁac%og{ggg@gg g‘?([agsent
in the inert flul vl ' bustdBES hBrefogehaRe phs-phaseheactipalis Mte neans
for surrouﬁaf’}%o ggesaﬁgogtégﬂﬁﬂgﬁﬁé]%g?tﬁ’%n of theoglénl et.r%i-ge in the reactor with
25 inert fljuiigd"elukitgdrieactomsush nelequian@Xx¥EAn-CAMAINIAG BaSCS Y Atal portion

of one or nore inlet pipes for nolegcul ar  oxygen, €0 [ iep the
react or andntpedugpd ingo fixedhbed @Eﬁﬁfsy%g?’ei‘%té‘}‘f ngfﬂ %.r%‘%g ogg‘ggﬂ%f*gg may al so
have ap_ advant of L i L he BAREY 4 rdabtot benthiningta solie whi ch
may thgé bér?té%ﬁ“%ﬁ@ Of%@{%tqur%ﬁ%%%gﬁ@og %ave a rredtj)ced nmol ecul ar
oxygen-contc@{awspg)rgﬁﬁeté:ragmb@dgas-ﬁﬂaisﬁreiaatinmves safety. A further advantage

30 is that the outer pipe may al so provjde,ther. insul at | g e

mol ecul ar - oxygehcavodingtathe@résentdnvention theig & W@H‘Hg‘% ﬁéeatct‘jpé%él{)@reﬁﬁ%@gé gf or
reagents in the reactor .to condense . sl ki didetierd etteqispe may
be concent rsoHd GRrtpyst éaihﬁ%é?ge&g%'% P (bﬁ%%/ehﬁgagﬂ;}ﬁb WSt react

least one inlet pipe for a molecular oxygen-containing gas, in which, said inlet pipe has

30  means for surrounding a substantial portion of said pipe in said reactor with an inert

fluid.
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3 p 9 DEC 200 suitable shape to surround a substanti al portiog O@(f@ or
more inlet pipes. Preferably, the inlet pipe extends into the r §c % @v
oonly a small anpbunt of its |Iength beyond the neans for surrounding the
inlet pipe with inert fluid, for exanple sufficient only to achieve a
suitable weld joint. 5 Means for allowng for differential expansion of the
inlet pipe and {he ans for suryounding th th inert fluid may be

provi ded. Such 49 P&t} thel PresephinyeRion ! arﬁgfﬁlg«'}g\_?wmed@dﬂa@%agﬂw ichfe | nl et
pi pe and/ opoRigiat 8k nhc%hairﬁﬁggms ix&#b%ubéheifnhﬂéa'cf&%uwafh% %lgidgc{%gagﬁwt' on

of the inlet pipe ITthe reactor Is at a different press of the
nol ecul ar foxydeterocgeneasigasephyssreactidriia whittesaigmoteculan odypehlvontamegasiié t he
i nl et pipe, brgaks .and/ %I eaks, tr]_ims mag be detected hy detecting a flow of
gas ei t herintrgdygedrintg saidfeastar throygh atdeast pRainleping exteading|into spidgeactamus, i f

oty gen-rorti es bedievitg dHdE P Rl SRaATa R OPaid piet 1 i i e,

drop i n pressor eithfantimet floidrt fluid may be detected (if the inert fluid is
supplied froma linmted or sealed source) and/or the presence of inert
fluid for 15 eahpreteried amhodinaent of thegpisseatiinventian, thetinletpipp further bat meansSuch

eaking i b oot eliaa B AR B R aths o or AR TRacGBR Bl °So

woul d pr esgipdlyst of @@mbimatiody thereof,he use of a higher pressure of inert fluid
than the pressure of the oxygen-containing gas neans that if there is a

pi pe fi0act ur e Threpresent veption provides pgplytian taithegeedwithyey ipast-ansritlal pibeg gas

and i nprov. t sely, 1f. inertefluid is at omwer

P essur e L EA PSRN oy dRNRESRetes bjdnHs WASRL o sl fiudding s et ¢ e

i nl et pi pepdreiyn bEsiepipetie seildyeartdriveith dminBi BRI dpfichsIRy dlfPkds ridar tr(i f t he
inert fluid is supplied froma seal ed source) and/or by detection of

nol ecul ar BRPIESHNE BFess ko e iglet pipa fromethesesctorraf flames tragenin diredpicthie i nl et
pi pe. The jnert fluid surroundipg the inlet pipe may be sealed so that a
br eakage o‘lfataﬁ%silgr8$mEW§H??ﬂq§fr68'pe 25 may be detected by a pressure change

of thesinert fRyindrt ifrethitthht thelnert fuid isSubSanttlh REYstHt th R@ktiod bithdhdray be
provi ded sufficient to replenish mnor. |eaks but insufficient in the event

of a maj ormélgtular exygemicontaining gastiod/e other adsictantsyin shereastour Eypieadly, atrledshe

[ t fluigk,,T . . furth [ [ . f
means for eretiiihiie PRGRS Teaom ubioundsd g meses e e EhALtE PO BIRE ng
sai d i nl etwigh gR)inéPHluigeans for detecting 30 the presence of inert fluid in

gaseous effluent fromsaid reactor and (c) neans for detecting nol ecul ar
oxygen- cont ai nfeginefa flujdnsusepuading @rsubstantiali perion of ki st deastone inlet pipejin he. One

or norsg of d .0 neans be operab onnected to ans.for 4
°0 o b Z6taS5ed FRTPIS a RER Bed oSBT Wit Bl SENERRBLI ni ng
gas if an niegdng cabbhldldxie, BEliRE rgor| Ao kaybeand miiI@s tHRpddLASARINL ai n
nunber of inlet nozzles becone blocked and/or |oss of the inert fluid
sur roundi regnqunts ¢frxagemmep alsp be puésenttin ghe inha fluideprovided tiat ituloes ndtopresent
oxygen-containing gas inthe inlet pipe is in
any hazard.
The means for surrounding a substantial portion of the inlet pipe in the reactor with
25  inert fluid may comprise an outer pipe surrounding a substantial portion of one or more
inlet pipes for molecular oxygen containing gas in the reactor and provided with a supply
of inert fluid. The outer pipe may also have an advantage of providing structural support
to the inlet pipe which may thus be smaller than otherwise and so have a reduced
molecular oxygen-containing gas inventory. This improves safety. A further advantage
30 isthat the outer pipe may also provide thermal insulation to the molecular-oxygen

containing inlet pipe thus reducing the potential for reagents in the reactor to condense

on the inlet pipe. The outer pipe may be concentric with the inlet pipe or may be any

3



5 the range 100 kPa to 10 Ma. Suitably, the difference between 4 Beq o
pressure of inert fluid substantially surrounding the inlet pi E’e an8 ?t?le
.nol ecul ar oxygen-containing gas is in the range 1 kPa to 10 Mra.
Preferably, the inert fluid is at a pressure greater than the pressure of
t he nol ecul ar oxygen-contai ning gas. The neans for suppressing ingress to
the inlet pj 8 t 'aFLEﬁ" prele (ST o, t | yst
or conbi nat%uﬁﬁglgtsﬁ@reetgﬁ u@éﬁ%gﬁ%ﬁaﬁght e l%‘r}gs{)m on %‘f% @E{eﬁﬁ%ﬁ?e%a{eg@ﬁ
oxygen- contliinlenpipg astends intetherbatonbyplyd smalhagbent gfiite $sigttebdybad thehe
pressure in the reactor, to prevent back-flow which coul d .cause an

expl osi on. mepes for swsenndings the frdetqpipe with inest fluid.dfor grampleyftigantan toci ent | y

hi gh to preyent .i n.in the event of an explosion of an
oxygen-con?é"ﬁeﬁg&gé@gs”ﬁ%@ml n the reactor adjacent the inlet pipe. 15 The
nmeans for supprRafd fo8 alloeTRSer difRrdntigl dxph@ioéMBe nl@pipdriRasess fof fl ane,
reagents, products, catalyst or conbinations thereof may conprise the

provi si on swrausdingithe pipeoyith inertiflvidemaybgpravided h Sueledifferantial expansian measi on
for exanple, co i,SI nG. Qpe. or, wore oritices. This restriction may reduce
or prevent "’B&&ﬂ?ﬂ) e&ﬁ‘%@'"ﬁﬁ%f@? pl’peeaadlgﬁ)[rf,lg'ﬁal%&dupt s and catal yst, especially
when used in a bleférdblpetheiRAEHME surkBEndiMbine pottich o TRY inldt Pideds tike rélctdtist abl e
back pressure to suppress ingress yet provide an exit gas velocity which

does not | etaidifferentipregenre to that of the aafenular Phrpgenecantdining gas inghemleipipsndnor

fi i f bly | t ed .at fficient dist L th
out et 10 TRcashictheinlEtoipR breaks pudlen sk, isina, Pudelenisd BY ArEring S8V 8F «ne
inl et pi pegaQhkhR Scth thaier futsurtt Tnaingtth@met pipen Thbs, af'the er IR is
orifices, I's preferably |located sufficiently close to the outlet of the

i nl et pi peat2chighertpressuretbamthegualhculdratxygepoerdaininglgasidn thecavientrofiasdbreakodrded.
As a suitapl nprom.se the restrictipn, .such .9s_one r rifices) is
preferably eﬁgegﬁ?d?leghpﬁ' %drﬁpﬂ%pms%f’g&?l %ﬂ‘f'?ﬁ]@yg}?é%&c%tﬁmngp pi pe.

The restri gtidedsuppHedram LMBited o RaRd 8bhidckF &f/ori the PreSéme dpknért! MdFd Wi t hin
the region of the inlet pipe surrounded by the means for surrounding the

i nl et 1 peexampile inthe reactarigaseons eflueniomahadgeeted. Suchlalhigher pressgeplsoof t he
i t fluid 30 i i nlet pi.p b t t ect b back
of the | ni EugIBe PEHILY R SRy B iR £ e RS e atly of fekas be
provi ded i (kvﬁia?héseﬁﬁkmm@fxto}f%d)é&%ﬁlﬁ préVé8Nd hrd)d Alsd, thedustleFa 2idr

Preferably, these should be 1ocated for even distribution of the
oxygen- conpessuregf ipet fluid thes thepressuossf-the oxygen-cohtairieg gasaneans thavifgheral et s

oo et b o S8 s S ot bR RS 7
si gni fycangifty! @oﬂ?&@r@ﬁi iPtheliR@t RAIAEE Alowek gre.a,_sdr@ R the MoRchgE 6xiden! flane

5 length is determned by factors such as the inlet pipe diameter and inlet
gas vel oci tontaiiing gas)adirsals bolehld ofthe puleti pipomey badetettad by apise spressyirarind

it spor seq. teanse HEG (AR e S STRRIRE e A RS B AP B elRRipncns
posi ti oned japl.f,Pg eﬁ-sc%nh%iﬂ gad iRk Rert WRld SirrclRYing X RIeBpipe. THOiHériPOOr

gas distribution a or safety in the unlikely event there is a shock wave
fol I owi ng AuvidGurtetnding therinleflpipe muly b sealérbsn thabe brzekagei avendt of she inket pipise

nol ecul ar oxygen-contai ni n as .does t.inpinge,directl n .surfaces .or
other &r uE‘P&gégeﬁeﬁte‘E‘%@! arpgggg@rctg%%otg{ge ?’}?@L‘égf éﬂer&f‘“@l% rag%feg_r‘?flgi? YPhe

mol ecul ar  pXMaRey ﬁggbégw&d%ma‘i t td hfphén h&hinb! RAS HRhsBFicRhOMItHEEvdnt OM &
conmon Source suc S common end box having a | ow inventory and

opt i onal | yoflbmajor Yailhes] whithwaukifeateyecpibieiey alpressuge diuptin toavinert Bbidecul ar

oxygen-cont ai ni ng gas and ot her, gases ngy al so be introduceq tp the reactor
by ot her inl et sThet thecteastar AgY frthas compaEepRe qrﬁv%rﬁtqr}&ﬂmefa@,s?%ggmlgg &s

conponent s 4 C / ] ] f.ot he

o csent 1 notae B ELEaraR AY il HrteHeng3HaIERTpe 1) AEKE T Ae g

nol ecuiar fhe)aeNenEOoRiAED N ig Z8sedhk efflubisirem Raid hearkorgad (caneastorat i on.
detecting molecular oxygen-containing gas in said inert fluid surrounding said inlet pipe.

One or more of these detector means may be operably connected to means for

4



ZO Sui tabl e nol ecul ar oxygen-contai ning gases for use in the péis[g%{ 2004
i nventi.on include air, oxygen-enriched air and oxygen gas with" i

.amounts of inpurities such as nitrogen, carbon di oxide, argon etc. The
concentration of inmpurities is preferably not greater than 0.4 % by vol une.
The concentration of oxygen in the nol ecul ar oxygencontaining gas is
suitably in the range of greater than 20 % by volune, preferably in the 25
range 30 t eutm@tl%lwh% narﬁff theisupply oE pxyaepreontaininmgasdfian wnsste sitpatiam| y
connect od afiges?. fHRRLpR e MBIARH RLoRiY HEREE0 LTI RS 0r D GoSPL Y of

nol ecul ar "oxygen- con ni ng rough one” or re flow

restrlctlQndlﬁeamoffmrxnaxﬂnﬁlsan@n@dxﬁgtmmetpnre¢spces Wmch restrict the

fl ow of nol ecul ar oxygen-contai ning gas to the inlet pipe. This has the 30
advant age of r &itably; thagresserefaf sweleqularipxygsreenntaining gasin theindat pipedein n t he

a1 ui dheanes 1ogRep to AMER RHBEG Rt tiReen oS pikarles AbmerBE: ca
such that shfi@arfially surPourdig the hrﬁ&lﬂxﬁé arfPeNe b1 &l %kggemccﬁ?asmhg §m§ wghuced
directly into the fluidized catalyst bed, rather than bel ow i Pretferably,

the i nl et ringedi kRactoekd MBanBeefatably the frertfbud istvt etpresssresgreatenthan thge of
reduci ng ingress when t bed is not operational. Preferably, the

reactor i $TEYEQE g’%@afefﬂﬁﬁ?gﬁenﬁpﬁﬁawlwsr eactors have advantages 5 that
come fromthe 'TfllbrrﬁE&HQfér%ﬂpﬁiesﬁﬁ?m@@s?f&‘dh@’inl@?‘ﬁiﬁ@ﬁoﬁﬂﬂ& AlaBiROf A3e,

separately fromthe other reactants. An advantage of the present I’nvention
is tha® i reagents; produdtsyratalyst osacbmbxynawmnhd:rhef may emm;blme tbxymeisionafiteé ni ng

gas is introduced directly into th fluid bed ¢ st of a fluid bed
reactor. ?etcé.' f@%%‘c%@é%&m&ﬁas et E)H‘r]‘?tlpéfiﬂ Y }f‘$ ‘Hé‘&fe hanthe Besssure or yse

of the pres@Biredetd?, td‘ﬂn‘%@éﬁt%cl’c—ﬂ%wrﬁcﬁ 8dull Q@uécd‘ﬁ dng]YJE@B' G PlesQUr8 o fiR: for
exanpl e the reaction of ethylene, acetic acid Xxygen to produce vinyl
acet at e, @hJinttheindetipifzt maybesufbcibgtlychkigh ta)pm&entungrassle&emndheev&dnef exi dati on

o ST s s O B
oxi dagson of Chpg xﬁé&n??dr%%% 28t npSs tolthe Trh@c ﬁe’f?aﬁ'tﬂé‘réﬁ’cik offi¥hbe

illustrated by way of exa y and wth ference to t draw’ngs in
whi ch Fi guoeagerits, rmpdmsts;ruamlysnosccbmbm&tlansfthmmf raa)ccmsp:-r*sselmetprowsmh tatlid ui d bed

react or accgr.di resent inyvention and Fi e 2 represents in
schemati c f‘@ fnﬁ ’(9%6?5’%86}39 T§ACtgE © %?eét-f’c&@g?%rrfé‘a erﬁ‘i”@?“%?gp%“ea‘?fdl}?r&l ng to
the presegtifibdiy arid Rricksh ﬁ{aplrs&cagr Ewuﬁteoa%k-ﬂ%d@p&w réa%):nti rodudid Ui d bed
reaction such as the ~0 acetoxyl ationh of ethylene to viny ate cont ai ns
in use, aafd citalysteespecidllpivhemusedyis® fifiR) bedf reactex aFipd eestziction maglprovideod d

cat al t su r on a silica support su ted on a suitable grid

The r 8.t BBl baEk pitbsteduatiates Iagrors s PROTS 4n ke v Blacibn Opich dpegnot

mol ecul ar 1&&3{&%&@1&%9bﬂggaameﬂaanywu qua@% St re bfilicdsSisd SO provi ded

wi th cooling coil and suppl di sing gas conprising recycle
gases) et hidferately dmtﬁdaatta saﬁ'(tleZ)Sdmmnmﬁ'ahi tyleonﬂqe:f theinbet pipe it theaeggdton nl et

6). A | f t d t ded th h let (7).
The cool | HoPOIIeaTiBy™ Hay i of detinebPipea O e oHier iy Lot e CRRSTILES  bei ng
provi ded Wh B fofBlcke 3 pABLrall i lred <RI RlosRi O Brclaulf ofihe GRAEE e o

one end to a low I nventor n en urn iI's nnect ed

to a 3uppintheteactdraach that aypyppatialcdetdmtion mgavgai%d( 12)a suitabl8Goraptandsethky to a
shut-down safety purge (not shown Each in| et pipe extends . into the
r eact or (reftryctlawuahﬁsg% aRFIRE] Otifésies.i i Rreferabliidocatade to b pipe diametersfeotet or i s

sur roundeg i ap Rt ool St Hsctlishlsdch SRRDBF hife biss PRk 1 neTt 928

such as nitrogen
located within the region of the inlet pipe surrounded by the means for surrounding the

inlet pipe with inert fluid. Thus, for example, a fall in pressure of the inert fluid
30  surrounding an inlet pipe may be used to detect a burn back of the inlet pipe to the
restriction, '
More than one inlet pipe may be provided in the reactor of the present invention.
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D 9 aEC 2p4 the pressure of nol ecul ar oxygen-containing gas in {lgepE 2004
pipes (- 10) is greater than the pressure .in the reactor ( 1 ) and the
.pressure of the inert gas in the outer pipes (3 ) is at a pressure greater
than that of the nol ecul ar oxygen-containing gas in the inlet pipes (10).
The supply of inert gas is provided with neans (15) for detecting a change
in 5 pressyre. in the event,that the inlet.pipes | eak or hreak. Figure
2" shows 1 nPEaRit FesEaiul beBent Fonghis visbihRn ot e e frndhBBéat ai ng <o
the presenkrdsdWRNrb&seRi6h SEHE réftdt, errRnaen shGulE'bG%%ti%ned%uM&&@%ﬂ al

portion of each inlet pipe (10) within the reactor (1) Is surrounded by an

out er pi papédhatifiagie prepagatioe etilbdot arcar batppérythem. i Rrefetablja shesdisthnces
it . [Each i.nl et, pi 10). i ided wi,th 10 Lfi |, gt 20) t
¢t e bettgpny e i DEBBeAED o £5eh LR PRI GRe G The BPieRdapat e
(21) near lr®h AldetShided Hfﬂ&ﬁ% sl BY BaREe Bipe Hﬁﬁx%fé?fané | féTEeas VEBGRN Fhe
f tal yst. bl

products an luid bed c Sui tably e oritice plate has re than
one ori fi deletsfsbouldbappkidofedarndfinleepressures andivatogitieaselpited; soahad the ovi des
sufficient RQack-pressure t,0, supptess ingress . of flame,, K reagents, products
and 11 ui d BRIEFHEHOR SR Contpininees kfipersed g gured g thicreipnat Yesislet s Thpi ch
woul d not ;ligx 1 Lt [ LA : ne
dosi gn' (Fi'nare a0 S FRBLNE Ricbs LlaplsPihe rEict WIS, RERCSRhENY Shotd plof1 e

out er pi pgaf distribptionlayd forsafety indhe unliked evient thee: is @ shouk wiesi followinggur e 2b)
the inlet pipe,(10) extends radially fromthe outer pipe (3) by only a
short 18i stdgiasationplhe H\ﬁfgsﬁsw bepasitigsied g0 thay thremalerylaitieragn-Bgntainigigten

out el P! PRoBSndtimplipdirelty LOMIfacE or Ger BfuARBARThY Reallor FudilsTedk B0 2
may be used 1 n procéesses 1'nvolving the use of nol ecular oxygen-containing
gas such asherineactaned. oxyl ati on of ethylene to produce vinyl acetate. In use,
et hyl ene reactant and recycl e gases, are passed_t hrough inl et .86 to
fluidise the cat ITQ‘QFC%%TCP’{YB?“'F?NF‘H@&&@&&fdhe fot pipgs say bepspidedefiemant |

pr ef er abl (WelVL hSa Eothk ' oS . ugh inl et
(7). A rm?(:g@u °3‘r4°3%gsgﬁ}3 (%%%tb al n?’ﬂgﬁgggk Bé\g?égfoﬁ{{ Edé}aﬁﬂgg’gg}dgﬁolobﬂép fluidised
cat al ySt Ipesvidéd witlyh safety mage dorisg shat-downi PMeoledlar. oxyger-cartainiag ghs ot i S
renoved at |east in part by the cooling coils é_‘g)_ rovided with a supply of
cool i ng wather gasesdnaypsodkesiniradeqer dp they sacier by ather ntdceqrdimgdathet (8).

I nert gas . L r j ' . ] <(3) ndi ng a
subst anti 3?‘**%@# 'Ol ﬁoé’f t%? Egadi]ﬁ P glfJ Bcgrll\%cg\%n%sﬁn %%S/clgggge{s& Ba/%?fméet% fgéésééésgésj' ure
greater tAadvhgtag®ofthepsesest idbertion isMhheie praidednysgfRmemsblinfioddcigas i n the
inlet pipes (10). In the event that the inlet pipes break or leak this may
be det ect &wleeylag ox¥RATgeOnt#NInE @3% Whichhps @ dighnygen aomreniraioappr opr i at e

oper apj onal aCtSuﬂleWolQﬁlatr%K? n-&)nt'c}%ﬁng g%glf@rqg ﬂfﬁeg)%seﬁﬂﬂ%nﬁws may be
used for other Teactions 1nvolving the usSe of nolecular oxygen-containing
gas - for imkalepiie okygeneenridhdd sinamf 0:8/igby Eenwith mitwreimaungwfdmpunitiessutihe

oxi dation of ethane to ethylene and/or acetic acid, the_ ammoxi dation of

propane, pf BiipEERCaBIONiIRtIde, asgamepe dhe eongspisetinneofimpyritiesiis prefesablnaot he
oxi dat i on gpefate%hasn 6.8 %‘%_l/ Shlufne. The concentration of oxygen in the molecular oxygen-

containing gas is suitably in the range of greater than 20 % by volume, preferably in the

25  range 30 to 100 % by volume.

The inlet pipe is adapted to be operably connected to a supply of molecular
oxygen-containing gas. The supply of molecular oxygen-containing gas may be provided
through one or more flow restriction means, for example one or more orifices, which
restrict the flow of molecular oxygen-containing gas to the inlet pipe. This has the

30  advantage of restricting the flow in the event that the inlet pipe in the reactor becomes
significantly damaged and/or other inlets become blocked.

In a fluid bed reactor, the at least one inlet pipe is preferably located such that the
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5 anhydride. 9 D 9 DEC 2004 Clains 1. A reactor for containing a solid
catal yst for a heterogeneous gas-phase reaction into which reacty DgEp
.extends at |east one inlet pipe for a nolecul ar oxygen-containing gas) In
whi ch, said inlet pipe has nmeans for surrounding a substantial portion of
said pipe in said reactor with an inert fluid , and further wherein the

e SRR R 35S e GRS B

sur roundedlaRyr thah Helswrif. O PRekeFBR/ the inftet 13 dirRBeH YowdWafdsah WetbddwiGtifhdl ah O
claim2 in which said inert fluid conprises an inert gas. 4. A reactor as

cl ai med i rdedntage df reducig inpresaofisalidewhen te tied ispdteapeeadiohalom t he group

i xtur s hor BBHETaBY: R 8aot suid pefiraelor F kel Awlrs DR ahadding
i xtures ¢ her EeHere _ _ _ y
it i pl soBe T (EiSa Pon o UeHORL A SoBURe) R so Skt Hont

surroundi figs Gthéleadtaits) Aln gAvaktagofthe presentinvention iswhet it prdvites iraprowed ecul ar
oxygen cont ai ni ng gas in said reactor, and provided with a .supgl é‘s‘of i nert
fluid. 6. setyoubanghe molequiarpxygencantainipg gapi intrrdused disentivdntelthe Huidet ch
further c | llowng for differential expansion of said
inlet pi pg%%?@%fgﬁﬁgg%g%goﬁ. surrounding said pipe with inert fluid. 7. A

reactor as cl aiSuitable praveysesand bf parficulfirfane BedproctRes)Fordse of tHelpredear

conpri ses,one or nore Qf (a) means for detecting a change in pressure of
sai d i%er inventignyinglyde Grthe Acetearlationpf elefiss,for examplethersadtion ofethalene.ng t he
presence ' fd g i ff Ny Sak or .an Cc) neans
For - dot ecreis M ard yed (b BRTEE T ach B\ ahP iR Gh 38051 ey B

sur roundi agid 3ad/@r thy @liddtionef ethah€to etflyRnOEtd/OR4tiS acid, (cPaRiAMmAedgionl Ned in
any one of the Preceding clainms in which said inlet pipe further has neans
e

for suppr e§Bfopylenprrepanetqs mikwrestheseohitp acaylasitriterpad{dhthe oxidetion phGad's
reagents, t@ﬁﬁ%&%@ydﬁ@é al yst or conbinations thereof. 9. A reactor as
clainmed in claim8’in Which said i ngress suppression nmeans conprises 5

means1§ or proviTte iveRtibe o/l Asw X ViR raedblyaidy dfexaapleionlysaiddvitieféredtepe at a
hi gher pressure than the ﬁr_essure in said reactor. 10. A reactor as clai ned

in any onéo the deawings ingwhigh &iguge WifeRrpsestsi il sphegratis Sorsm praresssieetipmaelafinid
conpri ses b Feadtol iagctoir&ﬂgﬁg tﬁehperegelf'\{ {n%nt?c}cn ésn%i qulilrre] |2€rtep(%isg1?s in schematic form,
a cross-section of three designs of inlet pipe according to the present invention,
Referring to Figure 1. A reactor (1) for a fluid bed reaction such as the
20  acetoxylation of ethylene to vinyl acetate contains in use, a ﬂuidized bed of catalyst (2),
for example a palladium/gold catalyst supported on a silica support supported on a
suitable grid (4). The reactor (1) is provided with at least one inlet pipe (10) for a
molecular oxygen-containing gas. The fluid bed reactor (1) is also provided with cooling
coils (5) and a supply of fluidising gas comprising recycle gases, ethylene reactant and
25  optionally oxygen reactant through inlet (6). A supply of acetic acid reactant is also
provided through inlet (7). The cooling coils (5) may be used to heat up the reactor at
start-up, being provided with a supply of hot fluid.
Eéch inlet pipe (10) is connected at one end to a low inventory common end box
(11), which in turn is connected to a supply of molecular oxygen-containing gas (12) and
30  optionally to a shut-down safety purge (not shown). Each inlet pipe extends into the
reactor (1) and a substantial portion of the inlet pipe in the reactor is surrounded by an

outer pipe (3) which is connected to a supply of inert gas such as nitrogen (14). In use,
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11. Areactor as clainmed in claim10 in which said restriction conmrh_i ses
one or nore orifices. 12. A reactor as clainmed in claim10 or clal £12004
which said restriction is |located at a distance fromthe outlet of said
inlet pipe in the reactor such that a potential detonation is avoided. 13.
A reactor as claimed in claim10 or claim11l in which said restriction is

| ocated 4 to 5 pipe digneters fromthe, end of the inlet, pipe. 14. A reactor
ne ol af mecepreRy R P g rrEDTtE g Bes uiiecewmlper (Bb Fraredtianan s
| ocat ed ""'tﬂébresshlf@inrtﬁafélﬂtd?f(lfé}iﬁﬂihlr:] gl;et%&%rlg:?!??eﬁ%ﬂi A He Be{teﬁggd% (Faa for

surroundi ng said inlet pipe wt 15. “A reactor imed in
any one of préssunergeeateli thgn thah ofithelmoleculammygen-bentaining gas irethe inletepipes6. A
reactor a lajmed in glaiml15 in i,ch .the distance between inlets is
signifi caikq(iyal‘ihﬁ SuRRI¥ ©F Insft gasds wﬁ%ﬁ ir4th meansd 1$)ef§géﬁ¢ct1nz. a ghapgait or as

cl ai rregl [ gfeggllggmeﬁé e%ntcthétitﬂb %ﬁeti@%"(kgﬂeﬁ@wbm.ew' ar oxygencont ai ni ng

gas for s pl pes I's provi m a conmon end box having a | ow .

inventory and ®jguredahbws b seiiemietl svoksiseztisntieby deigmgof thiétipige sldvidinkoren. 18.
A reactor as claiped in any one of the preceding clainms in which said inlet

pi pe i s athghresent Bvpationandyrl agaigshewadn Figuee buppubstantiahpprioniofeach
oxygen-co IJ l.ded th LOW.ReSsti.cti on neans
whi ch resp‘ﬁl?ﬁ{]ﬁggﬁﬁgg\/{% rgrr%?%c%? fa%;égﬂ.g%(geﬁ?d’goﬁ%?%idﬁée 835“’ 1%1 'The inl et

pi pe. 19. cénreerrditon sapplglofineedgdsuetnys sittogaf. Edvh iﬂéﬁﬁig@l'(mg iCpravided withwhi ch

t he reactor i,g a fluid bed reactor, m o0 s oEC zoo4 20. The use of a
He

react B} aan eriizelate; (R0Ohto/lingik thepupplyeof praleadarmyygsraconiaining gapanscarserifissl ect ed
f th NSd:St f | | efins, .t ti f
ot oyl en, PRERITRAZI &bl SIFHARLBIL0Re Bt s plaMBFREL: on o

et hyl ene flgiddedichalRti Suitdbliethe orifiaé plate ks resreamm drie ®iffey| oPexamlé 9r acetic
acid, the apmoxi dation_of 5 propyl ene,%[_?r.opane or mxtures thereof to
acryl oni t prifieesama trignsulptipiieh rechpivides sufficienikackfpressareito supptess ingressofpr ocess

i n which I | - | D | S.tntroduced into a.reactor

cont ai ni ngafﬁg’srg?#&%gB?%‘?ﬁggp““ﬁ gflglgcgb%de{]ag?lgsgir"{égﬁb aﬁgég ﬁﬁ%ﬂgé@@&i’éf’f 8 in which

sai d m®l eahlcarweuld genteedts Stcdisig faRionsofithd fleid be@datalyhto IAdNE deg@et or

t hrough at_ | east_one inlet 10 pipe extendlgﬁ% into said reactor, said inlet
y

pi pe havi (Fjgure2ab thnindst pine (1 Bliereands conprntdenlly sronpthetqutsr pime Gab oplyge i n
o ouras s ditaRed Yo' tRE Looht Wellgn filrk 4h) BRinitl 58 Ty eRfents Filtan i
the outer pipe (3) by only a short distance. More than one inlet pipe may be surrounded
by a common outer pipe as is shown in Figure 2c.

20 The apparatus of Figures 1 and 2 may be used in processes involving the use of
molecular oxygen-containing gas such as the acetoxylation of ethylene to produce vinyl
acetate. In use, ethylene reactant and recycle gases are passed through inlet (6) to
fluidise the catalyst bed (2) in the reactor (1). Acetic acid reactant, preferably as a liquid,
is introduced into the fluidised bed through inlet (7). A moleculaf oxygen-containing gas

25  isintroduced into the fluidised catalyst bed through at least one inlet pipe (10). Heat of
reaction is removed at least in part by the cooling coils (5) provided with a supply of
cooling water, The gaseous reaction products are removed from outlet (8). |

Inért gas such as nitrogen is supplied to the outer pipes (3) surrounding a
substantial portion of the inlet pipes in the reactor (1) at a pressure greater than the

30 pressure of the molecular oxygen-containing gas in the inlet pipes (10). In the event that

the inlet pipes break or leak this may be detected as a change in pressure by detector (15)

and appropriate operational action may be taken.
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22 A process as claimed in claim2l in which at least 85 %of tfg g Ei pe
in said reactor is surrounded with said inert fluid. 15 23. A process %
claimed in claim21 or claim?22 in which said inert fluid conprises an
inert gas. 24. A process as clained in claim23 in which said inert gas is
selected fromthe group consisting of nitrogen, carbon dioxide, helium
argon, neon) krypton and m xtures thereof. 20 25. A process as clained in
any one of clainms 21 to 24 in which said reactor conprises a reactor as
claimed in any one of clainms 5 to 19.- 26. A process as clainmed in any one
of clainms 21 tosigilat BppMa ' ' i, I e n the
inert fluid sugsst aﬁt ?%wﬁ/tggg% gEE‘&?‘f}%’?P ﬂ{eéﬁﬁcgpﬁsgpggvglﬁgﬁfﬁée orﬁﬁ (ggieh«? r
oxygen- copxygenicagtagéng gas -tfheexammethk dxiiation of @thlyRae t@ acetit.aci MHAFLWS as
claimed in 'él ai mfZg‘l n which the inert fluid is at a pressure greater than
the pressfidatin afigthangta ethylene gnd/geacetis seid therigraeridatim of prepaseess as
clainmed i Sempd i L&l r.QCcess ected from
the gr oupﬁ}g ﬂ)sé?és)t ing uo'?k PLeg&afgéP g(%‘/% é??rglrpmot’f-‘ Fe_oq%gftﬁ?lgfﬁﬁ%@ ?é@ﬁ foo'ﬁglﬁf

et hyl éne, anhgdddec aci d and oxygen to produce vinyl acetate) the oxidation of
ethylene to acetic acid, the 30 oxidation of ethane to ethylene and/or
acetic acid, the amoxidation of propylene) propane or m xtures thereof to
acrylonitrile and the oxidation of C4's to malefic anhydride. 12
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which reactor there extends at least one inlet pipe for a molecular oxygen-containing gas,

~ in which, said inlet pipe has'means for surrounding a substantial portion of said pipe in

said reactor with an inert fluid , and further wherein the inert fluid surrounding the

inlet pipe is sealed.
2. A reactor as claimed in claim 1 in which at least 85 % of the said pipe in said reactor

is surrounded by said surround means,

3. Areactor as claimed in claim 1 or claim 2 in which said inert fluid comprises an inert
gas.

4. A reactor as claimed in claim 3 in which said inert gas is selected from the group
consisting of nitrogen, carbon dioxide, helium, argon, neon, krypton and mixtures
thereof. _ | |

5. Areactor as claimed in any one of the preceding claims in which said means for
surrounding a substantial portion of said inlet pipe in said reactor with inert fluid
comprises an outer pipe surrounding a substantial portion of one or more inlet pipes for.
molecular oxygen containing gas in said reactor and provided with a supply of inert fluid.
6. A reactor as claimed in any one of the preceding claims which further comprises
means for allowing for differential expansion of said inlet pi'pe and said means for
surrounding said pipe with inert fluid.. |

7. A reactor as claimed in any one of the preceding claims which further comprises one

or more of (a) means for detecting a change in pressure of said inert fluid surrounding

~ said inlet pipe, (b) means for detecting the presence of inert fluid in gaseous effluent from

said reactor and (¢) means for detecting molecular oxygen-containing gas in said inert

- fluid surrounding said inlet pipe.
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means comprises a restriction to the outlet of said inlet pipe.
11. A reactor as claimed in claim 10 in which said restriction comprises one or more

) orifices.

12. A reactor as claimed in claim 10 or claim 11 in which said restriction is located ata
distance from the outlet of said inlet pipe in the reactor such that a potential detonation is
avoided.
13. A reactor as claimed in claim 10 or claim 11 in which said restriction is located 4 to
5 pipe diameters from the end of the inlet pipe.
14. A reactor as claimed in any one of claims 10 to 13 in which said restriction is located
within the region of said inlet pipe surrounded by said means for surrounding said inlet
pipe with inert fluid.
15. A reactor as claimed in any one of the preceding claims having more than one inlet
pipe.
16. A reactor as claimed in claim 15 in which the distance between inlets is significantly
in excess of the potential flame length.
17. A reactor as claimed in claim 15 or claim 16 in which said molecular oxygen-
containing gas for said inlet pipes is provided from a common end box having a low
inventory and optionally provided with a safety purge during shut-down,
18. A reactor as claimed in any one of the preceding claims in which said inlet pipe is
adapted to be operably connected to a supply of molecular oxygen-containing gas
provided through one or more flow restriction means which restrict the flow of
molecular oxygen-containing gas to the inlet pipe.
19. A reactor as claimed in any one of the preceding claims in which the reactor is a

fluid bed reactor.
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molecular oxygen-containing gas is introduced into said reactor through at least one inlet

10 pipe extending into said reactor, said inlet pipe having means which surrounds a
substantial portion of said pipe in said reactor with an inert fluid, and further wherein the
inert fluid surrounding the inlet pipe is sealed. '

22 A process as claimed in claim 21 in which at least 85 % of the said pipe in said
reactor is surrounded with said inert fluid. |

15 23, A process as claimed in claim 21 or claim 22 in which said inert fluid comprises an
inert gas. |
24. A process as claimed fn claim 23 in which said inert gas is selected from the group
consisting of nitrogen, carbon dioxide, helium, argon, neon, krypton and mixtures
thereof. ' |

20 25, A process as claimed in any one of claims 21 to 24 in which said reactor comprises a
reactor as claimed in any one of claims 5 to 19. .

26. A process as claimed in any one of claims 21 to 25 in which there is a difference in
pressure between the inert fluid substantially surrounding the inlet pipe and the molecular
oxygen-containing gas in the range 1 kPa to 10 MPa.,

25  27. A process as claimed in claim 26 in which the inert fluid is at a pressu}e greater than
the pressure of the molecular oxygen-cdntaining gas.

28. A process as claimed in any one of claims 21 to 27 comprising a process selected
from the_group consisting of the acetoxylation of olefins, the reaction of ethylene, acetic
acid and oxygen to produce vinyl acetate, the oxidation of ethylene to acetic acid, the

30  oxidation of ethane to ethylene and/or acetic acid, the ammoxidation of propylene,
propane or mixtures thereof to acrylonitrile and the oxidation of C4's to maleic
anhydride,
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